The viability of Aedes aegypti eggs was assessed in the Amazon region. The eggs were maintained under different conditions: indoors (insectarium) and outdoors (natural environment), as well as in different storage types (plastic cup, paper envelope, plastic bag) for different days. Egg viability was measured as the mean of hatchings observed from egg-bearing sheets of filter paper immersed in water, using three sheets randomly selected from each storage type and at both sites. There were significant differences in the viability of Ae. aegypti eggs with respect to the location (F=30.40; DF=1; P<0.0001), storage type (F=17.66; DF=2; P<0.0001), and time of storage (F=49.56; DF=9; P<0.0001). The interaction between storage site versus storage type was also significant (F=15.96; DF=2; P<0.0001). A higher hatching mean was observed for the eggs kept in the insectarium than for those outdoors (32.38 versus 7.46). Hatching rates of egg batches stored for 12 to 61 days ranged between 84 and 90%. A reduction was observed between 89 and 118 days, with values of 63 and 48%, respectively. With respect to type of storage, mean egg hatching was higher for the eggs in plastic cups (44.46). It was concluded that the viability of the eggs of Ae. aegypti in the Amazon region remains high up to 4 months, after which it declines drastically, although in this study hatching occurred for up to 8 months in very low percentages.
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Introduction
Females of Aedes aegypti (Linnaeus) lay their eggs individually above the waterline, mainly on damp surfaces of artificial and natural reservoirs with accumulated water. After eggs are laid under natural conditions, embryonic development occurs, followed by larval eclosion. However, if this normal process of development occurs under severe conditions (e.g., lack of water, low temperatures and even high insolation), the embryo enters diapause (hatching postponement) (Forattini, 2002) . This period of quiescence may extend for six months or more, until the eggs again contact water in the container, hatch, and the first-instar larvae emerge (Gadelha and Toda, 1985; Rodhain and Rosen, 1997; Forattini, 2002) .
The adaptive features of Ae. aegypti have enabled it to spread over its present vast geographical distribution. The passive dispersal of resistant eggs has contributed massively to the dissemination of this vector. This is likely the means by which the mosquito arrived in the Americas, in ships transporting African slaves in the 15 th through 19 th centuries (Gubler, 1998; Consoli and Lourenço-de-Oliveira, 1998; Forattini, 2002) .
The first studies assessing oviposition in Ae. aegypti were carried out in the early 1900s. The conditions for egg maintenance for different periods were assessed, and some studies demonstrated eclosion of eggs that had been kept dry for up to 262 days (Shannon and Putnam, 1934; Christophers, 1960; Fay and Eliason, 1966) .
A number of studies have assessed other aspects of Ae. aegypti oviposition, such as site preference. Patterns of oviposition within domiciles and in the field have been intensively investigated since 1960 (Haddow et al., 1961; Chadee and Corbet, 1987; Corbet and Chadee, 1990) .
Several studies have assessed the influence of environmental factors such as humidity on diapause in Culicidae (Mori et al., 1981; Sota and Mogi, 1992a, b) . More recently, some studies have focused on water characteristics as a determining factor for female mosquitoes' choice of breeding sites (Kline and Allan, 1998) , as well as the adaptive strategies for survival through the dry season (Russell et al., 2001) .
Studies on the viability of Ae. aegypti eggs in Brazil are still few, with the most recent work carried out in the state of Goiás. In these studies, the authors demonstrated that egg hatching can continue for 492 days or longer (Silva et al., 1993; Silva and Silva, 1999) .
Ae. aegypti currently has a worldwide distribution, and the ability of its eggs to remain viable for several months is undoubtedly one of the main features that favored this dispersal (Gubler, 1998; Forattini, 2002) . In the state of Amazonas, Ae. aegypti was first detected in 1996, and the first dengue epidemic occurred in 1998 (Pinheiro and Tadei, 2002) . From then on, the vector dispersed throughout the state. Despite this wide dispersion, there is a lack of data on the egg-viability period in this tropical region. Also, although fungi grow easily on the mosquito eggs in the local high relative humidity, the possible effect of these microorganisms on egg viability and egg hatching is unknown. The egg is the stage with the highest resistance to environmental stress in the mosquito's life cycle, which plays an important role in its dispersal. Therefore, studies on egg viability in different regions are needed. In the present study, the viability of Ae. aegypti eggs was tested in the Amazon region. Egg viability was tested under two different conditions: indoors (insectarium) and outdoors (natural environment), and the effect of differences in egg storage conditions was also assessed.
Material and Methods

Eggs
Aedes aegypti eggs were obtained from six adult breeding cages, and reared according to the modified method of Scarpassa and Tadei (1990) , in the colony maintained at the Laboratório de Malária e Dengue of the Instituto Nacional de Pesquisas da Amazônia (INPA). Each day, 100 mL plastic cups filled with 20 mL of water were placed inside the cages. The sides of the cups were covered with 3-cm-high and 22-cm-long sheets of filter paper, where the eggs adhered after oviposition. Each cup was kept inside the cage for two hours, always during the afternoon. Sheets with adhered eggs were removed and placed in water (around 1 cm deep) for 72 hours, to assess embryo development. The sheets were left outdoors for 24 hours until they were completely dry. Afterwards, the eggs were counted and stored in paper envelopes (regular Kraft envelopes), 200-mL plastic bags, or 100-mL plastic cups.
The viability of eggs stored for 12, 19, 32, 61, 89, 118, 159, 186, 240 , or 271 days was tested. Egg viability was measured as the mean of hatches, calculated as the ratio of hatched eggs/total number of eggs on each sheet. Of the five stored sheets, three were randomly selected for each type of storage (plastic cup, envelope, and plastic bag) and placed outdoors or inside the insectarium. For comparison, the mean viability and hatching rates of 3-day-old eggs that had not been stored were used.
The hatching rate for each period of storage was calculated as the number of egg hatchings/number of total eggs (hatched and un-hatched) observed in the three selected sheets of each type immersed in water.
Viability tests
The sheets were immersed in plastic trays containing 1.5 L of artesian-well water and 10 mL of larvae food (Scarpassa and Tadei, 1990) . Three sheets for each storage type were used, totaling nine trays per environmental condition. The number of larvae present in each tray was recorded three times a day, at 08:00, 13:00, and 18:00 hours, for ten days. This period was determined in a 25-day pilot experiment, in which no hatch was observed after the 10 th day. The water volume was completed whenever needed to compensate for evaporation, and the trays were cleaned weekly.
Statistical analysis
A multifactorial ANOVA was calculated using the (factorial) model, in order to measure the mean hatching of Ae. aegypti eggs kept under different storage conditions, as follows: η i = μ i + τ i + β j + γ k + (τβ) ij , where, μ i is the general mean; τ i is the effect of the i th level of the factor site; β j is the effect of the j th level of the factor storage type; γ k is the effect of the k th level of the factor period of storage; and (τβ) ij is the effect of the interaction storage site versus storage type.
The hatching rate in the different storage periods was demonstrated by a simple linear model, as follows: . The data were transformed by Box-Cox, and a Tukey test at the 5% significance level was used to compare the factors and interactions.
Results
A total of 27,651 eggs were used in the experiment; 14,064 of them were stored outdoors and 13,587 in the insectarium. There were significant differences in the viability of the eggs with respect to the location (F=30.40; DF=1; P<0.0001), storage type (F=17.66; DF=2; P<0.0001), and storage period (F=49.56; DF=9; P<0.0001). The interaction of storage site versus storage type was also significant (F=15.96; DF=2; P<0.0001) ( Table 1) .
A significant difference in egg hatching was observed between the two storage sites, as shown in Table 2 . The mean hatching rate of eggs kept in the insectarium was higher than that of those stored outdoors (32.3 versus 7.4) ( Figure 1A) .
With respect to storage conditions, the egg hatching mean was higher for eggs stored in plastic cups (44.4) than in envelopes (7.2) or plastic bags (8.0) ( Figure 1B) . The hatching percentage of the batches stored from 12 to 61 days was between 84 and 90%. A reduction was observed in the period between 89 and 118 days, with values of 63 and 48%, respectively. From the 158 th day on, egg hatching reached 11%, and tended toward null after the 240 th day (Figure 2 ). Eggs stored indoors and in plastic cups had the highest hatching rate, significantly differing from the other storage conditions. In relation to egg-hatching rates during a period of 10 days (Figure 3) , the highest rate was observed on the second day (76%). From the third day on, hatching declined (9%). This decline persisted on the following days until no further hatchings were detected. There was a very low hatching rate from the 8 th to 10 th days (0.015, 0.29, and 0.043%, respectively).
Discussion
The results showed that the egg batches kept in the insectarium showed a higher hatching mean than the egg batches maintained outdoors. This difference is due to the variation in microclimate conditions. In the insectarium, both temperature and humidity are kept constant, whereas variations in climate factors occur outdoors, mainly during the rainy season, when an oscillation of around 5 °C is observed from morning to night (24.0 °C and 28.0 °C, respectively). The same pattern is observed for humidity, which can vary about 20 units during the day -from 70 to 90% on rainy days.
During nearly one-year period of the experiment, the presence of fungi on the sheets of filter paper was noted, mostly in those stored for more than five months. Three genera were identified: Fusarium, Trichothecium, and Penicillium, with the later being most predominant. Russell et al. (2001) investigated the survival of Ae. aegypti eggs in surface and subterranean breeding sites during the dry season in Australia, and also observed the presence of many predators, including cockroaches, and the occurrence of fungi on egg batches. These authors found that from the 15 th day on, there was a reduction in mean egg hatching from 73.3-89.9% to 0.0-6.7%, as a result of the occurrence of many fungi in the batches, with Penicillium being most common.
In regard to the storage type, egg batches kept in plastic cups had the highest hatching means, significantly greater than those observed for envelopes and plastic bags. These results are related to greater exposure of sheets in cups, allowing greater contact with air. In the two other types of storage, the eggs were less well aired because the envelopes and plastic bags had their edges sealed, which probably influenced egg hatching. Christophers (1960) stated that the need for oxygen is greater during the initial larval development when the egg is moist and its structures are soft. In drier environments, as well as when larvae are in diapause, the need for oxygen is much less. However, the reduction in oxygen availability increases the period necessary for eggs to hatch.
The storage period strongly influenced the viability of Ae. aegypti eggs. Egg batches stored for 12 to 61 days had a hatching rate of 84 to 90%. A decrease in hatching was observed from the 89 th day on (63%), until it reached very low rates in the batches stored for 240 and 271 days (3%). Silva and Silva (1999) evaluated the hatching of Ae. aegypti eggs stored for different periods under laboratory conditions. They observed lower hatching rates for 3-day-old eggs (85.4%) compared with the rate for 12-day-old egg batches observed here (90%). They also found a decrease to 36% in hatching of 63-day-old eggs, and an increase to 97% in the hatching of eggs stored for more than 121 days. In the present study, eggs kept for 118 days had a low hatching rate (48%). Another difference between these studies is the maximum period of storage when hatchings were recorded. Whereas no egg hatching was recorded after 240 days in the batches in Manaus, Silva and Silva (1999) recorded a tiny hatching rate of 0.2% up to 492 days.
Our results indicated that egg viability is high (around 50%) when eggs are stored up to four months. After this period, egg viability significantly declines. This is likely associated with tropical climate conditions, which provide the necessary high humidity for larvae to survive in the egg.
Although a great reduction in egg hatching is observed after four months, it is likely that enough eggs remain viable to maintain the reproductive cycle during drier periods when less water is available in containers (Pinheiro and Tadei, 2002; Ríos-Velásquez et al., 2007) .
The daily egg hatching rates were also evaluated. The highest rate was observed on the 2 nd day of exposure to water (76%). On the 1 st and 3 rd days, the rates were much lower (7.7 and 9.5%, respectively), and a gradual decrease in hatching was observed in the subsequent days, until it was null from the 7 th day on. These results showed that, independently of the period of egg storage, the eggs hatched on the 2 nd day after submersion. These results accord with the work of Christophers (1960) , who first investigated this aspect and found that eggs stored for 60-81 days (under controlled humidity and temperature conditions) take about 24 hours after submersion to hatch. In the present study, all egg batches were kept humid for 72 hours in order to assure the development of the embryo, which may have influenced larval hatching in the same period. Egg hatching was not recorded from the 10 th day on, and only two or three individuals hatched on the 8 th and 9 th days, a very low percentage considering the number of eggs used in the tests. Silva et al. (1993) recorded a variation of 4 to 18 days in the incubation period of Ae. aegypti eggs, with a hatching rate of 68%.
Based on the results of the present study, egg viability in the Amazon region remains high until four months of storage. After this period there is a dramatic decrease in egg hatching rates, with a very low percentage observed until the 8 th month. The results presented here are similar to those of Christophers (1960) , who recorded egg hatching until 257 days, also at very low rates (1%). Our results differ from those of Silva and Silva (1999) , who observed egg hatching until 492 days, i.e., a year and four months.
The differences in these results are probably related to desiccation, the main factor involved in loss of viability, as well as to the presence of fungi observed in eggs stored for longer periods. However, additional and more-detailed studies are necessary to assess the real effect of these microorganisms on hatching rates.
